Background: The current treatment options of early glottic carcinoma are radiotherapy; trans laser microsurgery, and open surgery. However, the best treatment is still controversial due to lack of randomized controlled trials. We aimed to evaluate the treatment results and the prognostic factors of local control of early glottic squamous cell carcinoma patients (GSCC) T1-2N0M0 treated at our institution. Material and Methods: We retrospectively studied the charts of 52 patients with early GSCC T1-T2N0M0 from 2010-2015 at the Clinical Oncology Department, Ain-Shams University. 24 patients had T1 and 28 had T2 early glottic carcinoma. The overall survival OS, local control rate, and laryngeal preservation rate were evaluated. Kaplan-Meier method, Cox proportional hazards model were used to analyze the data. Results: Median duration of follow-up was 13 months. Thirty-eight patients received radiation treatment alone (73.1%), 7.7% of the patients underwent surgery alone, and 19.2% of the patients had surgery combined with radiotherapy. Local recurrence after radiation failure developed in 6/52 patients, all had T2 disease and were salvaged by total laryngectomy. The ultimate local control rate was 88.5%, and the ultimate laryngeal preservation rate was 77.2% (40/52 patients). The median OS of the 52 patients was 13 months (range 2 -46 months). Univariate analysis of factors associated with poor local control showed that age > 60 years was the only significant factor (P = 0.048). Conclusion: Radiotherapy achieves high local control and laryngeal preservation rates for patients with early glottic carcinoma, and is associated with a low rate of severe complications compared to surgery. Salvage surgery is feasible after radiotherapy failure.
Introduction
Early glottic carcinoma includes carcinoma in situ, T1, T2 N0 M0 [1] . Glottic SCC represents around 60% -67% of laryngeal squamous cell carcinoma [2] .
The male to female ratio is higher than for supraglottic carcinoma [3] . Stage III and IV disease represent 40% [4] .
Glottic SCC has a good prognosis due to early presentation because of voice change and early treatment [5] . Treatment aims at cure, laryngeal function preservation with optimal voice quality, swallowing and breathing functions [6] .
Open surgery, transoral laser microsurgery (TLM) and radiation therapy (RT) are successful options for treatment [7] . The treatment choice is not derived from randomized controlled studies making it controversial [8] .
RT has less selection criteria, and more laryngeal preservation. Indications of RT are difficult or multiple recurrences after endoscopic excision, and medical inoperability [1] . The 5-year local control rates were 82% -94% for T1a, 80% -93% for T1b, 62% -94% for T2a, and 23% -73% for T2b [9] [10] . Radiotherapy has a long duration with possible acute side effects [11] . Fractionation schedules included conventional (2 Gy, total dose 60 -66 Gy) and hypofractionation (2.25 Gy, total dose 60 -70 Gy) and both were effective [6] [12] [13] [14] .
The role of open partial laryngectomy has declined in favor of TLM [15] .
Open surgery is considered for selected tumors when radiation or TLM are not technically feasible or available [8] . Salvage surgery after RT failure, is usually total laryngectomy as transoral and partial laryngectomy cause greater risk of chondronecrosis and pharyngocutaneous fistula [1] .
Compared to surgery TLM has low morbidity, less need of tracheostomy and nasogastric feeding; no hospital stay, and fewer side effects [16] . A meta-analysis of nine retrospective studies showed similar survival rates of both RT and TLM [17] , however, TLM impairs function minimally, is a single day procedure, allows normal diet, and preserves radiotherapy for treatment of recurrences or second malignancies [1] . The National Institute for Health and Care Excellence NICE guidelines advised TLM for T1a tumors, and TLM or RT for T1b-T2 lesions [18] . An update of Cochrane review compared RT, open surgery and TLM, but no randomized trials comparing RT to TLM were found [11] .
We analyzed our treatment experience of early glottic carcinoma with radiotherapy and surgery.
Material and Methods
We retrospectively studied and analyzed the charts of 52 patients with histologically proven SCC of the glottis stages I and II (T1-T2N0M0) based on the American years of the study duration were discussed at the multidisciplinary meetings taking in account the patient's preferences and explaining the pros and cons.
Radiotherapy
Radiotherapy was delivered in 48/52 patients using 6 MV LINAC through parallel opposed lateral fields; appropriate wedges were employed to assure homogenous dose distribution in the glottic area as needed. The field borders included the larynx. Elective neck lymph nodes irradiation was not performed. The patients were immobilized in the supine position using a head and shoulders thermoplastic mask. T1 lesions were treated to a total dose of 63 -66 Gy, and T2
lesions received 66 -70 Gy using conventional fractionation (2 Gy per faction/day). The patients were examined weekly for acute toxicity.
Follow-Up Evaluation for the Early Detection of Local Recurrence
The patients were evaluated periodically with disease specific history, neck clinical examination, endoscopy and CT neck. When recurrence was suspected, biopsy was done for confirmation. Patients were regularly seen once every three months during the initial 2 years and then six-monthly till the conclusion of the study period. and the margin of error accepted was set to 5%. So, the p-value was considered significant as the following: P < 0.05: significant, and P > 0.05: non significant.
Statistical Analysis

Results
Patients and Treatment
The patients, tumor and treatment data are depicted in (Table 1 and Table 2 ).
All of the 52 patients were males. When considering treatment by stage it was as follows; patients with T1N0 disease (n = 24 patients) received definitive RT in 14/24 patients, excision alone in 4/24, and surgery followed by RT in 6/24 patients. As regards T2N0 glottic SCC (n = 28 patients), 24/28 patients received definitive RT, whereas 4/28 patients had surgery followed by RT. The mean RT total dose was 68.86 Gy (range 
Local Control
The median duration of local control of T1N0, T2N0 glottic SCC was 14.5 months (range 2 -46 months), and 10.5 months (2.8 -30 months) respectively.
The local control rate for T1 disease was 100% (24/24 patients) and 78.6% (22/28 patients) for T2 disease. The ultimate local control rate of the studied cohort was 88.5%, where only 6/52 (11.5%) patients developed local recurrence, all had T2N0 disease and were all salvaged by total laryngectomy. None of the patients developed distant metastases.
The patients who received radiotherapy (both combined with surgery and definitive) had local control for a median duration of 13 months and local control rate of 85.7% (36/42 patients), versus the patients who underwent combined surgery and radiotherapy (10/52 patients) who had median local control duration of 12 months and 100% local control rate. 4/52 patients were treated with surgery alone and had 100% local control rate (Table 3) .
Univariate analysis of the patient and treatment related factors was performed to assess their prognostic significance of local recurrence, it showed that age > 60 years was the only significant factor affecting incidence of local recurrence (P = 0.048). Type of treatment whether surgery or radiotherapy or both had no significant effect on local control (P = 0.401, P = 0.661, P = 0.485 respectively). The type of surgical procedure and the median radiotherapy dose also did not influence the incidence of local control (P = 0.090, P = 0.607 respectively) ( Table 4 ).
Survival
The median OS of the studied cohort (n = 52 patients) was 13 months (range 2 -46 months), where the median OS for T1N0 and T2N0 glottic SCC was 14.5 months and 12 months respectively (Table 3 , Figure 1 , Figure 2 ). The median OS achieved by radiotherapy (n = 42) and combined surgery and radiotherapy (n = 10) was 16 and 12 months respectively. By the end of follow-up duration 6/52 patients (4 T1N0 patients, and 2 T2N0 patients) died of causes unrelated to the glottic SCC.
Laryngeal Preservation Rate
Patients with T1N0 had 83.3% preservation rate of the larynx (where 2/24 T1N0 patients had total laryngectomy as the primary treatment). However, the remaining 20/24 patients with T1N0 glottic carcinoma had 100% ultimate laryngeal preservation rate after treatment. The ultimate laryngeal preservation rate of T2N0 disease was 71. 4% where 2/28 patients had vertical hemilaryngectomy as the primary treatment, and 6/28 patients developed local recurrence after the initial treatment and all were salvaged by total laryngectomy. Thus, the ultimate laryngeal preservation rate of the patient cohort was 77.2% (40/52 patients). 
Discussion
Early stages of glottic SCC T1-2 N0M0 represent 2% of all glottic cancers [20] .
They are successfully managed with surgery, radiotherapy, or TLM (endolaryngeal surgery with or without laser) where they all achieve similar local control and survival advantage [11] . Due to the lack of prospective randomized controlled studies, there is no formal proof of the superiority of one treatment modality of early stage GSCC as regards the oncologic outcome or the functional outcome [11] [21] . Choice of treatment modality depends on three factors; local control, voice quality and cost [15] [22] in addition to treatment availability, expertise, and professional need for good voice quality [7] . Prior to 2013 treatment decisions at our institution were not based on the multidisciplinary approach, which explains why some of T1 glottic tumors in our study had surgery (minor surgery and even total laryngectomy in 2 patients) followed by radiation treat- In western countries the use of TLM is expanding, while open surgery is less frequently performed [23] . Compared to the conventional open partial laryngectomy, endolaryngeal surgery has the advantages of less need of tracheostomy, and/or nasogastric feeding, short hospital stay, inexpensive, and few side effects [16] . Similar to RT, endolaryngeal surgery is voice-sparing, but can be easily repeated which makes it more available retreatment for local recurrence where it could be followed by RT [24] . There are limitations for TLM mainly the inadequate exposure on suspension microlayngoscopy, limited exposure of the glottis due to trismus, protruding teeth, anatomical variations of the upper and lower jaw, bulky tongue, cervical spondylosis, and previous surgery or radiotherapy to [7] . The ENT-UK Head and Neck group reached a consensus that endoscopic excision is generally the preferred treatment for T1a GSCC, and suggested that it should be offered to GSCC tumors up to stage 2a [23] . The literature reports local control rates 71% -100% for T1a GSCC treated with endoscopic laser surgery versus local control rates from 73% -95% for patients who received RT [21] . A meta-analysis of 7600 patients in nine retrospective studies which compared objective voice quality in GSCC patients treated with RT versus laser microsurgery. Although non-significant the results trended towards favoring radiotherapy [17] . In our study only 2 patients with T2N0 disease had laser cordectomy followed by radiotherapy.
Conservative open laryngeal surgery includes a range of techniques from a laryngofissure approach with cordectomy to supracricoid laryngectomy. However, the oncologic and functional advantages of TLM reduced the indications of open partial laryngectomy which is reserved as salvage for patients with local recurrence after RT [25] . A systematic review analyzed the outcome of open partial laryngectomy for all stages of laryngeal cancer, it showed excellent outcome; local control rate was 89.8% at 24 months, the overall survival rate was 79.7%, and the pooled mean disease-free survival rate was 84.8% [26] . Dinapoli N et al. [27] reported on 143 patients with T1 glottic SCC; 73 underwent surgery and 70 underwent radiotherapy. The authors showed non-statistical significance of OS and disease-free survival DFS between the two treatment groups with better voice quality for patients treated with RT. In the current study 10/52 patients underwent surgery followed by RT, and only 4 patients had surgery alone. The local control and OS were better for patients treated with RT although it did not reach statistical significance.
Radiotherapy offers laryngeal preservation but has a prolonged course and may be associated with side effects such as oral mucositis, dysphagia, radiation skin burns and xerostomia [11] . The progress in radiotherapy delivery techniques led to better definition of target volumes and preservation of normal surrounding structures [22] . Different fractionation schedules have been used in various institutions varying from conventional fractionated schemes to hypofractionated and hyperfractionated schedules [10] .
Hypofractionated radiotherapy has the advantage of reduced both overall treatment time, number of fractions, thus decreasing the cost, the burden of treatment upon institutions, and less visits by the patients. In the series by Ermis et al. [28] , the authors demonstrated their 10-year experience of using of 55Gy Hyperfractionation is an alternative approach to accelerate treatment schedules.
Hyperfractionated RT for T2 due to the relatively poor outcome-particularly T2b may be considered to a total dose of 74. [29] demonstrated that the 5-year rates of ultimate local control with larynx preservation were 95% for T1a, 94% for T1b, 81% for T2a, and 74% for T2b. Trotti et al. [12] reported non-significant improvement of 5-year local control using hyperfractionated RT (P = 0.11). Harada et al. [30] retrospectively studied the treatment outcome of early glottic SCC patients treated with radiotherapy as initial treatment and salvaged by surgery for radiation failure. 79 patients were treated with conventional RT, and 36 patients were treated with hyperfractionated RT (1.2 Gy per fraction at 6 h intervals).
The median total doses were 66 Gy for T1a, 70 Gy for T1b, and 74.4 Gy for T2
glottic SCC. The 5-year local control rates by initial RT al were 92% in patients with T1a disease, 83% in patients with T1b disease, 86% in patients with T2 disease and 88% in patients with all T stage (T1-T2).
Conventional RT was studied by several reports. Chera et al. [10] reported on 585 patients with T1-T2N0 SCC of the glottis all treated with definitive RT.
Conventional RT dose for T1-T2a GSCC was 63 Gy in 28 fractions and 65.25 Gy in 29 fractions for T2b disease). The authors demonstrated that the 5-year rates of ultimate local control with larynx preservation were 95% for T1a, 94% for T1b, 81% for T2a, and 74% for T2b. Mendenhall et al. [31] , reported on local control of T2 lesions by conventional RT to be approximately 71% -85% and salvage rate for local radiation failure of 88 -95%. In the current study, RT was the main type of treatment in 92.3% of the cohort (definitive RT in 38/52 patients and RT following surgery in 10/52 patients). In agreement, the mean total conventional RT doses in our study were 65.40 Gy (range 63 -66 Gy) for T1N0 glottic SCC and 68.86 Gy (range 63 -70) for T2N0 disease.
As regards results of local control rates by conventional radiotherapy, different studies reported local control rates for T1 glottic SCC treated with RT at a range from 80% -95% and with surgical salvage the ultimate local control rates vary between 90% -100% [10] [32] . We observed better 100% local control rate by conventional radiation for T1N0 patients (RT alone in 14 patients and combined RT and surgery in 6 patients). Local control rates for T2N0 SCC of the glottis treated with conventional radiation was around 65% -85% and salvage rate for local recurrence was 88% -95% [10] [31] [32] comparably we reported 71.4% local control for T2N0 glottic SCC. Despite the high cure rate associated with radiotherapy of early glottic carcinoma, where the 5-year overall and disease specific survival rates are approximately 79% and 96%, respectively [6] , still around 10% -41% may have RT failure [33] . According to the series by Medenhall et al. [6] , the site of RT failure in early glottic carcinoma was mostly local, while the regional failure rates were 5-20%. In the current study, failure was local and occurred in patients with T2N0 who all received RT (RT alone in 24 patients for patients treated by 70 Gy radiotherapy [9] [10] 0% -9% for patients treated with endoscopic laryngeal surgery [34] , and 11% for those treated by open partial laryngectomy [35] .The laryngeal preservation rate varies from 73% -95% after 70 Gy radiation treatments [36] and 91% -100% after endoscopic surgery and open surgery [35] . The laryngeal preservation rate for T1 disease is better than T2 [37] . Similarly, the laryngeal preservation rate in our study was better for radiotherapy alone treated T1N0 glottic SCC patients at 100% versus 71.4%
after initial radiotherapy for T2N0 disease. According to Argawal and Ha [38] , regarding the transoral laser resection the final local control rate including salvage therapy was 97% -98%, laryngeal preservation rate 90% -99%, and the 5-year disease specific survival 90% -98%. As for radiotherapy, the final control rate including the salvage therapy 90% -96%, laryngeal preservation 83% -95%, and the 5-year disease specific survival 95% -98%.
The prognostic factors which affect local control by radiotherapy are patient Groome et al. [9] identified age and smoking to be associated with worse locoregional control. In agreement, our study showed that age (mean 61.85 years) was the only significant factor affecting local control by both radiotherapy and/or surgery (p 0.048). Among The radiation related factors of recurrence two are very important and closely related the duration of RT, and fraction size [14] [15] . It is well documented that prolonged overall radiation treatment time as well as interrupted radiation negatively impacts survival and loco-regional control [9] . In early stage glottic carcinoma, radiotherapy completed within 42 days resulted in 100% local control rate [41] , while treatment completed in more than 50 days was associated with lower control rate [42] .
Fraction size more than 2 Gy resulted in better local control [43] , while fraction size more than 3 Gy leads to higher complications rate [44] . Tong CC et al. [40] , recommend using a fraction size 2.5 Gy for T1 disease, but for T2 disease the authors prescribe 70 Gy in 35 fractions, 2 Gy per fraction, 5 daily per week. Journal of Cancer Therapy
Surgery is the main salvage treatment after unsuccessful radiotherapy. Proper restaging of radiation recurred laryngeal carcinoma is crucial in planning salvage surgical treatment to achieve good functional and oncological results. The exact staging of recurrence in the irradiated larynx may help to avoid total laryngectomy [45] . Santaro et al. [44] retrospectively studied 173 patients with early glottic SCC who were surgically treated after RT recurrence, 47 patients were salvaged by partial laryngectomy and 126 patients underwent salvage partial laryngectomy. The authors could not identify significant results of DFS and OS between both types of surgery. They concluded possibility of conservative surgery only in select RT-relapsed patients and salvage total laryngectomy is still preferred.
Endoscopic CO 2 laser cordectomy type IV, is an alternative to total laryngectomy that preserve laryngeal functions [46] . In their series, Pontes P et al. [47] showed high rate of recurrences after RT, patients underwent open partial laryngectomy or endoscopic surgery with control rates of 77.7% and 25% respectively.
The authors reported that open partial laryngectomy without neck dissection is effective in treating RT-failures in patients who remain in stages T1a or T1b.
Salvage total laryngectomy was performed in all RT recurrences in our study.
We acknowledge the limitations of the study; the drawbacks of retrospective studies, the small number of patients and the relatively short duration of follow-up. Some of the studied patients had their treatment decisions before starting the multidisciplinary meetings at our institution.
Conclusion
Our results indicated the efficacy of radiotherapy in treatment of T1-T2 N0 glottic carcinoma in agreement with the literature. Radiotherapy is associated with laryngeal preservation and it is a good alternative to surgery. Both surgery and radiotherapy achieve similar overall survival and local control rates. Large scaled prospective randomized controlled studies are needed to study the potential risk factors of radiation failure and to identify patients who may benefit from upfront surgery. We emphasize the importance of multidisciplinary approach for appropriate treatment decisions taking in consideration patient preferences.
